The reliability o f angiographically determined left ventricular (LV) volume is in part dependent upon the accuracy of the determination of the position of the left ventricular (LV) chamber in rehtion to the x-ray image intensifier. A new device is described which utilizes available ultrasound techniques and equipment to ascertain readily the height of the LV above the table top with the patient lying in the right anterior oblique position. Comparison of cross-table radiography with the ultrasound method was carried out. In addition, multiple external body dimensions were obtained which did not consistently predict LV position. The height of the LV above the table top can be obtained readily by the ultrasound technique described and requires minimal expertise for its accurate measurement.
APP~ ication of angiographic techniques in cardiovascular evaluation and in research is employed
The reliability of quantitative measurements of left ventricular (LV) dimensions and volume depend in large part on the theoretic assumptions concerning the geometric reference .model e m p l~y e d .~.~ Irrespective of what model is employed, there must be accurate correction of magnification and distortion which result from the short distance between x-ray source, LV chamber, and x-ray film. For this reason it is crucial to know precisely the position of the LV chamber, with respect to the x-ray tube, or more conveniently with respect to the table top. In the past, biplane angiocardiography4 provided for accurate localization of the LV; however, its use requires special equipment and the calculations are complex. Today single plane angiography in the right anterior oblique (RAO) position, with use of an ellipsoid geometric model for the left ventricle6 is employed most widely. Methods for determining left ventricular position in this situation include fluoroscopy at 90" to the filming position, using the tip of the LV catheter as a guide,3 use of a fixed value for the LV to table top distance,' or use of a function of body surface measurements, such as the midchest posit i~n .~ Recently we have developed an alternate method for locating precisely the left ventricle, and this report describes the technique and its application. The use of ultrasound to locate ventricular position requires the use of a specially designed caliper device. In our studies, comparison of a radiographic method for assessing LV position with the ultrasound method was carried out. In a second study, external body measurements were obtained to determine if, from a function of these, LV position could be determined accurately.
A schematic diagram of the ultrasound caliper device employed in this study is illustrated in Figure 1 , and a picture of the actual device is shown in Figure 2 . The ultrasound hansducer from a Smith Kline Ekoline machine is fitted into a slotted mount on the tip of a movable swinging arm. A &xed arm is attached to the edge of the radiography table by a clamp. Both arms are easily extendable. The movable swinging arm has free motion at a pivot joint on the fixed arm to which a protractor-like device is mounted. The angle at the pivot joint is read directly off the protractor-like scale which is engraved on the device. Scales for determining the length of each arm are engraved on the fixed and mobile arms.
Ultrasound determination of LV position was made just prior to angiography, with the patient lying 3S0 right anterior oblique (RAO) and in full inspiration. The ultrasound transducer, attached to the caliper device, is placed over the fourth left intercostal space and directed posteriorly until the walls of the LV chamber can be seen clearly on the oscilloscope. This is then recorded permanently on film by an attached Polaroid camera. The distance from transducer artifact to mid-LV chamber can then be measured readily (Fig 3 ) . The midpoint of the left ventricle is determined from a systolic or diastolic transverse diameter between septal and posterior wall endocardial echoes. Because these pictures are obtained rapidly and no attempt is made to obtain precise systolic and diastolic echoes which would permit direct calculation of LV volume,7 the endocardial echoes are frequently broken up. Approximation of the transverse distance to the nearest 0.5 cm will not introduce a significant error in the determination of the magnificationfactor. In a few patients, in whom septal and posterior wall echoes were not readily obtained on the same picture, a transverse distance from the septum to the mitral ring was used.
Calculation of the LV position with respect to the table top is derived in the following manner. The abbreviations refer to the schematic diagram in Figure 1 . The distance from transducer to center of the LV ( T C ) , obtained from the echocardiogram, is added to the length of the movable ann ( P T ) which yields the hypotenuse of a rectangular triangle with a known angle at the pivot "a". The distance PC' is therefore:
Since the length of the fixed arm is known ( P D ) , the distance from the center of the LV to table top is easily ascertained :
Summarizing the above:
C D = P D -( P T + T C ) cosa In subsequent discussion, the distance from the lowest part of the patient's back in the RAO position to the table top ( BD) was subtracted from CD. In this way the distance from the center of the LV to the lowest part of the patient's back ( CB ) was obtained.
. , Twenty-eight adult patients undergoing diagnostic cardiac catheterization for a wide variety of diagnoses had ultrasound determination of LV position. Sixteen of these patients on the previous day had a six-foot cross-table lateral x-ray picture obtained while the patient was lying in the 35" RAO position. The distance of the estimated center of the left ventricle from the table top was measured on the six-foot films and was corrected for maenification. -
The following external body measurements were made on all 28 patients, using standard metal calipers. The abbreviations correspond to those listed in Table 1. 1. Body weight ( WT) 2 Comparison of cross-table lateral x-ray determination of LV position with the ultrasound method ( Table 2 ) reveals a small but statistically significant difference at the 0.05 probability level. The measurement of the LV position on the cross-table lateral x-ray underestimated the LV center to back distance by an average of 0.8 cm.
Listed in Table 1 are the external body measurements and ultrasound measurements on all patients. The correlation coefficients for each body measurement and the correlation coefficients for pairs or groups of body measurements are given. No significant correlation of individual body surface dimensions or combinations of body dimensions with LV position was found.
The knowledge of the LV position and its distance from the x-ray source is an important requirement for reliable quantitation of angiographic studies utilizing single plane filming techniques. In our laboratory, a one centimeter difference in the left ventricle to film distance alters the correction factors for magnification by 3 percent. It appears especially necessary to develop methods which, besides being precise, are also convenient, do not lengthen hemodynamic studies, are reproducible and are simple to calculate. Biplane angiography, which allows a precise measurement of this parame-CHEST, VOL. 62, NO. 1, JULY, 1972 ter,4s5 necessitates increased equipment complexity, cost, and time-consuming data analysis. The results of volume determinations obtained using single plane cineangiography are in good agreement with those obtained by the biplane The RAO position has been employed in this study, because it gives good visualization of the mitral valve and provides accurate volume measurements using the ellipsoid geometric model. The ultrasound technique reported herein can as well be employed using anteroposterior or left anterior oblique projections.
The small but constant discrepancy between the cross-table x-ray method and the ultrasound method merits further comment. It is probably in part related to obtaining these measurements at different times on different tables and possibly to catching the heart in different phases of contraction. In addition, there is more opportunity for observer error in estimating the center of the LV from a simple x-ray film of the chest.
The ultrasound method which we described could be employed routinely just prior to angiography. The time required to obtain a satisfactory measurement was under five minutes. Ultrasound pictures can be obtained readily with the patient holding a full inspiration. In none of the 28 patients examined by this method were there any difficulties in obtaining adequate ultrasound pictures, and minimal experience with ultrasound technique was required.
The LV position determined by the ultrasound technique was completely independent of external CHEST, VOL. 62, NO. 1, JULY, 1972 
